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(54) Expandable multiple frequency programmable transmitter 



(57) A trainable transmitter includes code genera- 
tion circuitry and a socket for receiving a plug-in module 
having circuitry for generating an RF signal incorporated 



therein. By selecting the appropriate plug-in module, the 
user can expand the frequency transmission range of 
the transmitter beyond that which may be pre-installed 
on the transmitter. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates generally to wire- 
less transmitters, particularly for vehicles. 
[0002] Increasing numbers of new vehicles are being 
sold with trainable transmitters permanently Installed in 
the vehicle. The trainable transmitters allow consumers 
to train the transmitter to duplicate an existing transmit- 
ter, such as a garage door opener. The current trainable 
transmitters pre-store a plurality of cryptographic algo- 
rithms allowing the trainable transmitter to be universal. 
This provides convenience to the consumer by allowing 
the trainable transmitter to be compatible with many 
home products, such as garage door openers. 
[0003] The known universal trainable transmitter may 
not be capable of generating frequencies for all garage 
door openers or other home security systems. The 
transmitter may include a plurality of RF oscillators, 
each capable of generating an RF signal of a frequency 
associated with garage door openers or other home se- 
curity systems. The transmitter may not include oscilla- 
tors for generating the right frequencies of all home se- 
curity systems. Further, security system manufacturers 
may begin using additional frequencies not originally 
provided in the trainable transmitter. 

SUMMARY OF THE INVENTION 

[0004] It is therefore an object of the present invention 
to provide a remote control system and method having 
a wireless transmitter that can be continually updated 
or adapted to replicate digital codes and frequencies 
equivalent to original equipment transmitters. 
[0005] It is another object of the present invention to 
provide a wireless transmitter that can be easily modi- 
fied to generate coded signals and frequencies that the 
transmitter was not originally designed to generate. 
[0006] The present invention provides the ability to 
accommodate any frequency of an existing transmitter/ 
receiver system in the trainable transmitter. A trainable 
transmitter according to the present invention includes 
a socket for receiving removable, replaceable plug-in 
modules which expand the frequency transmission ca- 
pability of the transmitter. Preferably, the transmitter in- 
cludes a socket into which the consumer can install a 
plug-in module which includes some of the electrical 
components for generating the RF signal at the new fre- 
quency. In this manner, if the trainable transmitter is in- 
itially unable to transmit the frequency of the user's re- 
ceiver system, the user can obtain the correct plug-in 
module to connect to the trainable transmitter in order 
to expand the frequency transmission capability of the 
transmitter. 

[0007] Alternatively, a repeater can be installed adja- 
cent the receiver which receives a code at the new fre- 
quency. The repeater includes a receiver and code de- 



tection circuitry which is compatible with the trainable 
transmitter. The repeater also includes a transmitter 
which generates the code at the new frequency when 
the receiver and code detection circuitry in the repeater 

5 receive the correct signal from the trainable transmitter 
Alternatively, the repeater can include the original trans- 
mitter from the transmitter/receiver system. The receiv- 
er and the repeater can be coupled either electrically or 
mechanically (/.©., the push button) to the original trans- 

io mitter. In this manner, the transmitter can be utilized with 
any existing transmitter/receiver system, since the 
transmitter need not be capable of transmitting at the 
frequency or learning the encryption algorithm of the 
original transmitter/receiver system. 

15 [0008] In accordance with these and other objects, 
the present invention provides a remote control system 
having a multiple frequency wireless transmitter includ- 
ing code generation circuitry for generating a code for 
controlling operation of a device remote from the trans- 

2<? mitter, means responsive to user actuation for generat- 
ing control inputs to the code generation circuitry, and 
means for wirelessly transmitting the generated digital 
code at a selected one of a plurality of possible frequen- 
cies. The transmitter of the present invention is charac- 

25 terized in that a socket is connected to the code gener- 
ation circuitry and arranged to physically receive and 
communicate with a separate plug-in module. The plug- 
in module includes specific code generation information 
associated with a particular receiver device located re- 

30 motely from the transmitter, wherein the code genera- 
tion information is received by the socket and input to 
the code generation circuitry to control generation of the 
code and output frequency signal. 
[0009] In accordance with another aspect of the 

3$ present invention, a method is provided for training a 
trainable transmitter to replicate an original transmitter 
transmitting a digital code at an original frequency in- 
cludes the steps of a) determining the original frequency 
at which the original transmitter transmits the digital 

40 code; b) selecting a plug-in module associated with the 
original frequency based upon the step a), wherein the 
plug-in module includes frequency generation circuitry 
components associated with the original frequency; and 
c) installing the plug-in module into the trainable trans- 

45 mitter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 0] The above, as well as other advantages of the 
50 present invention, will become readily apparent to those 
skilled in the art from the following detailed description 
of a preferred embodiment when considered in the light 
of the accompanying drawings in which: 

55 Figure 1 is a schematic of the transmitter/receiver 
system of the present invention; 
Figure 2 illustrates the transmitter/receiver system 
of Figure 1 installed in a vehicle and garage door 
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opener system; and 

Figure 3 is an alternate embodiment of the repeater 
shown in Figures 1 and 2. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0011] A schematic of the transmitter/receiver system 
20 of the present invention is shown in Figure 1 gener- 
ally comprising a trainable transmitter 22 which can be 
used to replace original transmitters 24a-c, each asso- 
ciated with a receiver 26a-c, respectively. In a known 
manner, each of the transmitters 24 generates a digital 
code transmitted in an RF frequency. The code may be 
generated by code generation circuitry, including en- 
cryption algorithms also located on the respective re- 
ceivers 26. Each of the transmitter 24 and receiver 26 
pairs may have different RF frequencies, different mod- 
ulation schemes and/or different encryption algorithms. 
Each of the receivers 26 may be associated with a dif- 
ferent security system, such as a vehicle security sys- 
tem, garage door opener, home security system, etc. 
[0012] The trainable transmitter 22 includes code 
generation circuitry, including a microprocessor 30. Mi- 
croprocessor 30 includes software which performs the 
steps described herein. Microprocessor 30 receives in- 
puts from a plurality of user input switches 32a-c. When 
programmed, each of the user input switches 32a-c 
would be associated with one of the receivers 26a-c, re- 
spectively. Fewer or more user input switches 32 could 
be utilized. 

[0013] The microprocessor 30 selectively sends a 
digital code to one of a plurality of RF oscillators 34a-c, 
each having an appropriate antenna 36a-c. Each of the 
RF oscillators 34 generates a different RF frequency. 
Alternatively, each of the RF oscillators 34 could com- 
prise a variable or voltage-controlled oscillator capable 
of generating a different range of RF frequencies. 
[0014] The transmitter 22 includes an RF receiver 38 
having an antenna 40. RF receiver 38 and antenna 40 
are capable of receiving digital codes from the original 
transmitters 24a-c at any of a plurality" of frequencies. 
The receiver 38 sends the digital code to the microproc- 
essor 30 when the microprocessor 30 is in a learning 
mode. The microprocessor 30 includes a memory 42, 
comprising RAM or RAM and ROM, storing the encryp- 
tion algorithms and data necessary to replace transmit- 
ters 24a-c, including frequency, algorithm, keys, modu- 
lations schemes, etc. 

[0015] Techniques for receiving digital codes from 
original transmitters 24 and determining the correct en- 
cryption algorithm, frequency, modulation scheme, etc., 
are known in the art. Generally, the result of such tech- 
niques is that each of the user input switches 32a-c 
causes the microprocessor 30 to generate a code re- 
placing original transmitters 24a-c, respectively. The mi- 
croprocessor determines from memory 42 the next dig- 
ital code to be generated and the frequency at which the 



code is to be generated. Upon determining the next dig- 
ital code to be generated, the microprocessor 30 selects 
one of the RF transmitters 34a-c which would transmit 
the next digital code at the correct frequency associated 
5 with that user input switch 32a-c. It should be recognized 
that user input switch 32a would not necessarily be as- 
sociated with RF oscillator 34a, and so on. Further, the 
trainable transmitter 22 can learn and re-learn in order 
to replicate different transmitters than transmitters 24a- 
c. Further, if more than one of the original transmitters 
24 transmits at the same frequency, then one of the RF 
oscillators 34 could be associated with more than one 
of the user input switches 32. The number of RF oscil- 
lators 34a-c need not equal the number of user input 
switches 32a-c. The transmitter 22 further includes out- 
put indicators, such as LEDs 44, for communicating in- 
formation, such as mode information, to the user. 
[001 6] The transmitter 22 includes a socket 46 includ- 
ing a plurality of electrical connectors 48, 50 and 52. 
Connectors 48 and 50 are electrically connected to the 
microprocessor 30. Connector 52 is connected to a first 
antenna portion 54 of a known length as will be de- 
scribed below. 

[0017] The system 20 further includes a plurality of 
plug-in modules 60a-c, each including an oscillator 62, 
such as a surface acoustic wave, which may include or 
be associated with an LC circuit 64 which dictates the 
frequency of the oscillating signal from the oscillating 
circuit 62. An output of the oscillator (or oscillator and 
LC circuit 64) is connected to a second antenna portion 
66. The plug-in module 60 may optionally include a 
ROM cartridge 68 which includes an additional encryp- 
tion algorithm and data regarding modulation scheme, 
frequency, etc. Electrical connectors or contacts 70, 72 
and 74 on plug-in module 60 are electrically connected 
to the ROM module 68, LC circuit 64/oscillator 62 and 
second antenna portion 66, respectively. 
[0018] The plug-in modules 60a-c are each selective- 
ly connectable to the socket 46 on transmitter 22. When 
a plug-in module 60 is connected to socket 46, connec- 
tors 70, 72 and 74 each make electrical contact with con- 
nectors 48, 50 and 52, respectively, in socket 46. At that 
time, microprocessor 30 can obtain the algorithms and 
other information from ROM module 68, if necessary. 
Microprocessor 30 would then generate the next digital 
code upon activation of the appropriate user-activated 
switch 32. The next digital code would be sent via con- 
nectors 50 and 72 to the LC circuit 64/oscillator 62 to be 
incorporated into the RF signal generated by oscillator 
62 and LC circuit 64. The RF signal from the oscillator 
62 carries the next digital code and transmits it via the 
antenna formed by the connection of first antenna por- 
tion 54 and second antenna portion 66, connected via 
connectors 52 and 74. Second antenna portion 66 is se- 
lected to have a length which, when added to first an- 
tenna portion 54, would be frequency-matched to the 
frequency generated by RF oscillator 62. 
[0019] In operation, the trainable transmitter 22 learns 
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the codes, algorithms and frequencies of transmitters 
24, associates these codes, frequencies and algorithms 
with user input switches 32 and generates the appropri- 
ate next digital code upon activation of one of the user 
input switches 32. That digital code is then sent via one s 
of the RF oscillators 34, depending upon which frequen- 
cy is appropriate. If the oscillators 34 are unable to trans- 
mit the necessary frequency in order to duplicate one of 
the transmitters, for example, transmitter 24a, the user 
selects one of the plug-in modules 60a, bore which has io 
a frequency the same as transmitter 24a, for example, 
plug-in module 60a. The user connects plug-in module 
60a into the socket 46 on transmitter 22. Then, when 
transmitter 30 needs to generate the next code for re- 
ceiver 26a, it utilizes plug-in module 60a to generate the is 
proper RF frequency for carrying the digital code. Thus, 
the trainable transmitter 22 of the present invention pro- 
vides increased versatility for duplicating transmitters 24 
of various frequencies. 

[0020] In another aspect of the present invention, a 20 
repeater 80 includes a receiver 82 which includes en- 
cryption algorithms also located on transmitter 22 and 
utilized by microprocessor 30 to generate a next digital 
code. The receiver 82 also operates at a frequency as- 
sociated with one of the built-in RF oscillators 34. The 25 
repeater 80 further includes a second transmitter 84 
which generates the digital code received by receiver 
82 and re-transmits that digital code at a different fre- 
quency, a frequency which matches that of transmitter 
24a. The digital code at the appropriate frequency is re- 30 
ceived by receiver 26a for activation of that security sys- 
tem. 

[0021] Referring to Figure 2, the transmitter 22 is pref- 
erably installed in a vehicle 90, most preferably in the 
vehicle headliner 92. The transmitter 22 is programmed 35 
to operate a receiver 26a, associated with a security 
system, such as a garage door opener 92 in a garage 
96. The repeater 80 is installed in the garage 96, pref- 
erably adjacent receiver 26a. The receiver 82 of the re- 
peater 80 includes an antenna 98. The transmitter 84 of *o 
the repeater 80 includes an antenna 100 which is pref- 
erably positioned adjacent or directed toward an anten- 
na 1 02 of receiver 26a on garage door opener 94. 
[0022] In operation, the transmitter 22 installed in ve- 
hicle 90 transmits a digital code, preferably encrypted, 45 
which is received by antenna 98 and receiver 82. The 
digital code received by receiver 82 at its frequency is 
transmitted to transmitter 84, where it is re-transmitted 
at the frequency of receiver 26a. The digital code is an- 
alyzed by receiver 26a to determine if it is correct. If the so 
code is correct, the receiver 26a activates garage door 
opener 94. In this manner also the frequency compati- 
bility of the universal transmitter can be expanded to in- 
clude frequencies not originally provided by the built-in 
oscillators 34. 55 
[0023] An alternate repeater 108 is shown schemati- 
cally in Figure 3. The repeater 108 includes the receiver 
82 for receiving the digital code at the first frequency 



from the transmitter 22 (Figure 2). The digital code is 
analyzed by code analyzer 109, which preferably in- 
cludes a microprocessor which may include the same 
cryptographic algorithms as the transmitter 22. If the 
correct digital code is received, code analyzer 109 so 
indicates to an actuator 110 which mechanically acti- 
vates, via a piston 112, a button 114 (or other user-ac- 
tivated switch) on original transmitter 24a, which is phys- 
ically mounted in or adjacent the repeater 108. The orig- 
inal transmitter 24a is incorporated into and considered 
part of the repeater 1 08. 

[0024] Figure 4 illustrates another alternate embodi- 
ment of the repeater 118 wherein the receiver 82 and 
code analyzer 1 09 are directly electrically coupled to the 
original transmitter 24a. When the correct code is re- 
ceived by the receiver 82 and analyzer 1 09, an electrical 
actuator circuit 120 sends an electrical signal directly to 
a switch 124 within original transmitter 24a, causing 
transmitter 24a to generate the next code to be received 
by receiver 26a, at the proper frequency, for activating 
garage door opener 94. The original transmitter 24a is 
incorporated into and considered part of the repeater 
108. 

[0025] Although the examples have been given above 
with respect to activating garage door openers 94, other 
home security or vehicle security systems could also be 
utilized. Further, although the invention has been de- 
scribed with respect to RF transmitters, other transmit- 
ters, such as microwave, infrared, etc., could also be 
utilized. Further, the transmitter 22 could be provided 
with multiple sockets 46 for receiving different plug-in 
modules 60. 

[0026] The transmitter 22 could determine the fre- 
quency by utilizing known frequency analysis tech- 
niques, or by transmitting the learned digital code at 
each of the frequencies from each of the RF oscillators 
34, sequentially. When the user sees operation of the 
security system (such as the garage door opener open- 
ing or closing), the user presses one of the user-activat- 
ed switches 32 again, thereby indicating to the micro- 
processor 30 that the correct frequency has been ob- 
tained. The socket 46 is preferably accessible by the 
consumer or user, so that the consumer can install the 
appropriate plug-in module 60 with ease. If the transmit- 
ter 22 is a portable transmitter 22, such as a key fob, the 
socket 46 may be located within the battery compart- 
ment. If the transmitter 22 is installed in a vehicle 90, 
such as is shown in Figure 2, the socket 46 is preferably 
located under a hinged, push-button bezel in the head- 
liner 92. 



Claims 

1. A remote control system comprising: 

a multiple frequency wireless transmitter (22) 
comprising: 
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code generation circuitry (30) for generating a 
code for controlling operation of a device (26 
(a)-(c)) remote from the transmitter; 
means (32(a)-(c)) responsive to user actuation 
for generating control inputs to the code gener- 5 
ation circuitry (30); and 

means (34(a)-(c), 36(a)-(c)) for wirelessly 
transmitting the generated digital code at a se- 
lected one of a plurality of possible frequencies; 



characterized in that a socket (46) is connect- 
ed to the code generation circuitry (30) and ar- 
ranged to physically receive and communicate with 
a separate plug-in module (60(a)-(c)), the plug-in 
module including specific code generation informa- 
tion associated with a particular receiver device lo- 
cated remotely from the transmitter, wherein the 
code generation information is received by the 
socket and input to the code generation circuitry 
(30) to control generation of the code and output 
frequency signal. 

2. The system of claim 1 wherein the means (34(a)- 
(c), 36(a)-(c)) for wirelessly transmitting the gener- 
ated digital code comprises a variable output oscil- 
lator arrangement. 

3. The system of claim 1 wherein the socket (46) is 
electrically connected to a first antenna portion (54), 
and the plug-in module (60(a)-(c)) includes a sec- 
ond antenna portion (66) electrically connected to 
the first antenna portion (54) when the plug-in mod- 
ule is connected to the socket, the first and second 
antenna portions being frequency-matched to the 
frequency when the plug-in module is connected to 
the socket. 

4. The system of claim 1 wherein the code generation 
circuitry (30) includes a microprocessor. 

5. The system of claim 4 wherein the microprocessor 
(30) includes an encryption algorithm arranged to 
change the digital code upon sequential activations. 

6. The system of claim 1 wherein the means (32(a)- 
(c)) responsive to user actuation comprises at least 
one user-activated switch, the means for transmit- 
ter transmitting the digital code at the selected fre- 
quency upon activation of the switch. 

7. The system of claim 1 further including a receiver 
(38) connected to the code generation circuitry (30), 
the code generation circuitry arranged to operate in 
a learning mode, wherein the code generation cir- 
cuitry receives a digital code via the receiver, the 
code generation circuitry generating the digital code 
based upon the received code. 



8. The system of claim 1 further comprising: 

a repeater (80) located remotely from the wire- 
less transmitter (22) having a receiver (82) for 
receiving the digital code generated by the 
wireless transmitter; and 
a second transmitter (84, 24) responsive to the 
repeater receiver receiving the digital code for 
generating a second digital code at another se- 
10 lected frequency. 

9. The system of claim 8 wherein the receiver includes 
an output actuator that is mechanically coupled to 
the second transmitter (24). 

15 

1 0. The system of claim 8 wherein the repeater receiver 
(82) is removably connected to the second trans- 
mitter (24). 

20 11. The system of claim 8 wherein the frequency of the 
second digital code is different from the frequency 
of the digital code received by the repeater. 

12. The system of claim 8 wherein the digital code gen- 
erated by the wireless transmitter is different than 
the second code. 

13. A method for training a trainable transmitter (22) to 
replicate an original transmitter (24(a)-(c)) transmit- 
ting a digital code at an original frequency compris- 
ing the steps of: 

a) determining the original frequency at which 
the original transmitter transmits the digital 
code; 

b) selecting a plug-in module (60(a)-(c)) asso- 
ciated with the original frequency based upon 
the step a), the plug-in module including fre- 
quency generation circuitry components (62, 
64) associated with the original frequency; and 

c) installing the plug-in module into the traina- 
ble transmitter. 

14. The method of claim 1 3 further comprising the step 
of: 

generating the digital code at the original fre- 
quency with the plug-in module (60(a)-(c)) after 
steps a) - c). 

The method of claim 13 wherein the original fre- 
quency is a first original frequency, the plug-in mod- 
ule is a first plug-in module and the digital code is 
a first digital code, the method further comprising 
the steps of: 

determining a second original frequency at 
which a second original transmitter (24(b)) 
transmits a second digital code; 
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selecting a second plug-in module (60(b)) as- 
sociated with the second original frequency 
based, the second plug-in module including 
second frequency generation circuitry compo- 
nents associated with the second original fre- 
quency; 

removing the first plug-in module (60(a), 60(c)); 
installing the second plug-in module into the 
trainable transmitter; and 
generating the second digital code at the sec- 
ond original frequency with the second plug-in 
module. 

16. The method of claim 15 further including the step of 
encrypting the first and second digital codes. 
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